with either immediate surgery or primarily antibiotic therapy and combined with drainage of abscess, being followed by interval appendectomy in some cases.
Introduction
Although being one of the most common abdominal emergencies with a lifetime risk of about 8%, the pathogenesis of appendicitis is still not fully understood. It is thought to be multifactorial, with mechanical, infectious and genetic circumstances leading to inflammation of the appendix [1] .
Appendicitis can present as simple or uncomplicated, with inflammation of the appendix with or without phlegmonous imbibition of its surroundings, or as complicated appendicitis, with inflammation having led to gangrene or perforation, with or without building of an abscess. Perforation is found in 13-20% of patients who present with acute appendicitis [2] . Although it has been assumed for a long time that uncomplicated appendicitis will eventually lead to a complicated form, recent data have led to speculations that different biologic forms of appendicitis might exist. Although the overall rates of appendicitis are decreasing, the rate of patients presenting with perforated appendicitis and with only a short period of time since onset of symptoms did not [3] .
For over a century, open appendectomy was the only standard treatment for appendicitis. Recently published European trials have suggested that it is feasible to treat uncomplicated appendicitis non-operatively with antibiotics alone [4] [5] [6] [7] [8] [9] . With regard to these data, we want to analyze the evidence for non-operative management (NOM) of acute appendicitis and to eventually suggest a clinical pathway for the management of this disease.
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Summary Background: Ever since the first appendectomy has been performed, surgery has been the standard of care for acute appendicitis, with antibiotic therapy being reserved for special situations. Recent studies have shown the feasibility of antibiotic therapy for uncomplicated appendicitis. Methods: This clinical therapeutic review is based both on author expertise and a selective literature survey in PubMed based on the term 'appendicitis', combined with the terms 'acute', 'complicated', 'conservative', 'non-operative', 'therapy', 'surgery', and 'strategy'. According to these search results as well as to the treatment guidelines from the American College of Surgeons, Society for Surgery of the Alimentary Tract, Society of American Gastrointestinal and Endoscopic Surgeons, European Association of Endoscopic Surgery, and World Society of Emergency Surgery, we present an interdisciplinary treatment concept. Results: Approximately 90% of patients treated with antibiotics are able to avoid surgery during the initial admission. The other 10% that fail to respond to antibiotics require a rescue appendectomy. Recurrence rates of non-operated patients within 1 year are as high as 20-30%. Conclusion: In uncomplicated appendicitis without risk factors for failure of non-operative management, a shared decision based on the patient's preferences should be made. In cases with risk factors, appendectomy is still the treatment recommended. If the diagnosis is uncertain or clinical symptoms are rather mild, antibiotic therapy should be started. In complicated appendicitis, management depends on the clinical state,
Diagnosis of Appendicitis
We recommend a diagnostic algorithm using ultrasound as the primary imaging strategy after history taking, clinical examination, and blood tests. If ultrasound is not diagnostic, we recommend performing a computed tomography (CT) scan or, if available, magnetic resonance imaging (MRI). In pregnant women, MRI should be performed instead of a CT scan. This strategy has shown to reduce the use of a CT scan in up to 50% of cases while achieving a diagnosis in 90% of patients with acute abdominal pain [10] .
Treatment of Appendicitis
Since the first appendectomy was performed by McBurney in 1864, surgical removal of the appendix has been considered the standard of care for acute appendicitis. Initially performed via laparotomy, laparoscopic appendectomy has now become the new standard of care in the Western world. In recent years, increasing evidence has emerged, showing that NOM is a genuine alternative treatment option at least in some clinical scenarios. Although many cornerstones have yet to be defined, appendicitis is more and more becoming a disease with many different facets/aspects that require different therapeutic strategies.
Principles of Surgery
Appendectomy can be performed as open surgery or laparoscopically. Both procedures are routine operations with very low operational risks, and morbidity and mortality are mainly determined by the severity of appendiceal disease itself. Although small, differences between both methods exist, with laparoscopic appendectomy emerging as the preferred method in Western countries.
In technical terms, the laparoscopic approach is thought to be superior in terms of a lower rate of wound infections, less pain on postoperative day 1, and a shorter duration of hospital stay [11] . Maybe more importantly, it offers the possibility of inspecting the whole intra-abdominal cavity, therefore detecting other causes mimicking appendicitis as well as leading to fewer short-and long-term adhesive bowel obstructions [12, 13] . Open surgery, meanwhile, is associated with a lower rate of intra-abdominal abscesses, a slightly shorter operative time, and lower costs, although this might change with more widespread use and further developments of laparoscopy.
Timing of appendectomy has been debated controversially. At the time when every appendicitis was thought to progress to perforation and gangrene, surgery was to be performed as soon as possible. Laparoscopic appendectomy for advanced uncomplicated appendicitis should be performed during the first 24 h after diagnosis. Today, there is evidence that in uncomplicated appendicitis, a delay of 12-24 h prior to surgery does not increase the rate of perforation if a course of antibiotics is immediately started, as demonstrated in a meta-analysis of 11 non-randomized studies [14] . Waiting for more than 48 h, though, leads to a higher rate of surgical site infections and other complications.
In patients with complicated appendicitis, the timing of the operation depends on the clinical status of the patient, the nature of the perforation, and, in some cases, the therapeutic strategy preferred [15, 16] . In severely sick patients with signs of free perforation or generalized peritonitis, emergency appendectomy should be performed. Septic, hemodynamically instable patients may need preoperative resuscitation and stabilization. In stable patients with non-free perforation and in patients with an appendiceal abscess or a phlegmon of the right lower quadrant, initial therapy usually is non-operative, and appendectomy is only performed if conservative therapy fails. Especially in patients with a long duration of symptoms and/or extensive abscess formation, immediate surgery has shown to be associated with higher rates of postoperative abscesses or enterocutaneous fistulae, as well as higher ileocecal resection rates [17, 18] . For a selected group of patients with complicated appendicitis, though, immediate appendectomy is an alternative treatment option, especially if the abscess cannot be drained successfully [18, 19] . If recommended, interval appendectomy can be carried out electively after resolving of the inflammation, although its use is discussed controversially [20, 21] .
For the authors, it is noteworthy that every single operation is accompanied by at least a single dose of antibiotics given preoperatively to reduce wound infection. If complex appendiceal disease is found intraoperatively, antibiotic therapy is continued for at least 3-5 days [22] .
Non-Operative Management
Several European trials have demonstrated in the last 20 years that in adults, conservative management of acute appendicitis is feasible. Treating appendicitis with antibiotics alone is not a new concept. Since the inauguration of antibiotic therapy, it has been shown to be feasible in trials as early as in the 1950s [23] , or simply just out of need, e.g. in a maritime or military setting [24] . Gurin et al. [25] published a series of 252 passengers with suspected appendicitis on ships in the sea who did not have the option of immediate surgery and thus where treated with antibiotics, which was successful in 84% of the patients. Also, in some forms of complicated appendicitis, antibiotic therapy is well established as initial treatment, often in combination with drainage of large abscesses [15, 19] .
Principals of Non-Operative Management
Most treatment protocols include an initial course of intravenous antibiotics for 1-3 days, followed by oral antibiotics for 7 days [4] [5] [6] [7] [8] [9] . Usually, either a combination of a cephalosporin and tinidazole or a broad-spectrum penicillin combined with a betalactam inhibitor is being administered. In one trial, ertapenem has been used, leading to deserved criticism for inadequately using reserve antibiotics [9] . As experience with non-operative treatment will increase, the length of antibiotic therapy will likely shorten, with the now rigid schedule adapting to a more patient-oriented course with cessation of therapy 1-2 days after significant clinical improvement, as in other abdominal infections. Usually the first days of treatment take place in an inpatient setting, with close monitoring of the patient's condition and the option of performing rescue appendectomy in case of clinical deterioration. If the clinical condition improves, patients are usually discharged and the antibiotic course is completed at home. If treatment has been successful, a colonoscopy and an ultrasound or a CT scan within 6 months are usually recommended to rule out underlying malignant disease, at least in patients with a reasonable risk thereof (usually in patients older than 40 years) [1, 26, 27] .
Timing of antibiotic therapy is important since beginning treatment as early as possible has shown to increase success rates significantly [25, 28] .
If antibiotic treatment is not successful during the initial admission, rescue appendectomy must be performed. In recurrent disease, either a second course of antibiotics or appendectomy can be applied. Under both conditions, complications and risks of appendectomy are not elevated [9, 29] .
Results
Approximately 90% of patients treated with antibiotics are able to avoid surgery during the initial admission. The other 10% that fail to respond to antibiotics require a rescue appendectomy. Recurrence rates of non-operated patients within 1 year are as high as 20-30% [4] [5] [6] [7] [8] [9] .
Different risk factors for failure of NOM have been found. In the study by Vons et al. [8] , risk factors for failure were fever at initial presentation, high presenting serum C-reactive protein levels, and an intraluminal fecalith. The combination of elevated levels of C-reactive protein and a fecalith predicted failure of antibiotic therapy in a study with 224 patients initially receiving antibiotic therapy [29] . In another trial, the presence of an appendicolith increased the failure rate of antibiotic therapy from 24% without an appendicolith to 50% [30] . One study tried to determine a model of prediction, with a combination of a serum C-reactive protein of less than 60 mg/l, a white blood count lower than 12, and age younger than 60 years presenting a very good chance of successful NOM [31] . In a retrospective cohort analysis of 81 consecutive patients who underwent NOM of uncomplicated appendicitis, duration of symptoms prior to admission >25 h, a maximum temperature of <37.3 ° C within 6 h of admission, a modified Alvarado score <4, and an appendiceal diameter <13 mm were independent predictors of successful NOM [32] . Furthermore, in one trial, women with diabetes showed a significantly higher failure rate of NOM [33] .
Should Uncomplicated Appendicitis Be Treated Non-Operatively?
As demonstrated above, NOM of acute uncomplicated appendicitis is feasible and a safe alternative to surgery. Consequently, the question is whether it is better than surgery and whether it should become the standard of care or remain an alternative form of therapy for selected cases.
There is no doubt that appendectomy is the most efficient way of treating appendicitis, with success rates of >95% as well as low overall morbidity and mortality [28] . However, it is a way more invasive treatment than a course of antibiotics. When comparing antibiotic therapy with surgery, we should be aware that we are comparing two treatment strategies of different nature and not two different surgical techniques. Therefore, we should take a broader look and not focus on success rates alone.
To undergo surgery, although considered low-risk, is no small feat and represents a burden for many patients. Many patients would consider 'surgery' a complication by itself [34] . Therefore, many patients would surely prefer a non-operative approach. For example, when debating NOM of acute appendicitis in children, one study found that most parents prefer NOM for their children [35] .
For patients with a history of prior surgical or anesthesiology complications, antibiotic therapy bears potentially great advantages, although those patients have been excluded from all of the trials.
Performing surgery also requires enormous personnel and technical resources. Since incidence of appendicitis is high, even a moderate reduction of the surgery rate might lead to significantly less operations required.
In addition, NOM would thoroughly reduce the rate of negative appendectomies, meaning the avoidance of unnecessary removal of uninflamed appendices. As a consequence of a pure operative strategy, there is a constant number of patients who intraoperatively present with a normal appendix. Those negative appendectomy rates depend on the diagnostic strategy and vary from 6 to 20%, with the best results coming from programs where a CT scan is routinely performed [36] . A small number of patients with a normal appendix is not operated in vain, as surgery, especially when performed laparoscopically, may reveal other underlying diseases in some of these cases.
Why Do Not Remove All of Them?
Although NOM of acute appendicitis seems desirable in many aspects, it certainly bears some disadvantages. Criticism of NOM mainly centers on the risk of recurrent disease, which has been estimated to be as high as 38%, although recurrence rates were between 20 and 30% in most trials. However, follow-up periods in these studies mostly covered only 1 year. Long-term follow-up from non-randomized trials and observational studies, lasting up to 7 years, does not demonstrate higher rates of recurrence [37] .
The recently published NOTA study demonstrated a success rate of 83% for NOM after a 2-year follow-up [38] . The mean time for recurrence was after approximately 4 months, therefore suggesting that longer follow up-periods do not necessarily lead to significantly higher rates of recurrent disease. However, while there are patients who prefer to avoid any kind of surgery, there are certainly Other aspects of NOM which are criticized include the lack of definitive histology, thereby missing a possibly underlying appendiceal tumor, and, if the operation would have been performed laparoscopically, potentially missing a chance to diagnose other intraabdominal morbidities if the appendix is not inflamed. Appendiceal tumor, e.g., is rare though, with overall rates of less than 1% [25, 26] . It should mainly be considered in patients aged >40 years.
A real drawback of data on NOM is the lack of evidence in some of the patients that might benefit the most from an avoidance of operation: older patients, those with medical comorbidities, and immunocompromised patients, as all of them have been excluded from trials. Further concerns arise because in those patients, diagnosis is often difficult since presentation is often atypical; therefore, clinical evaluation of antibiotic therapy might be even more difficult. As a result, we can only speculate if the aforementioned factors outweigh the risk reduction stemming from an avoidance of operation.
Another possible disadvantage of a generally conservative approach could be a significant rise in the use of antibiotics, as some patients might need a few courses of antibiotic treatment during the course of their lives. Depending on the antibiotic regimen used, this might increase resistance towards antibiotics and lead to an even heavier burden of Clostridium difficile infections. Although this risk does not seem to outweigh the risks of an operation, it may still be of significance to the general burden of disease.
Treatment Scenarios
In light of the aforementioned growing evidence on successful non-operative treatment of acute appendicitis, we suggest a clinical pathway with respect to different clinical scenarios, leading to an arc of antibiotic and surgical therapy ( fig. 1 ) .
Mild Appendicitis Suspected, Low Probability
• Diagnosis not certain, but acute appendicitis likely -antibiotic trial.
These patients often present with atypical clinical symptoms, with equivocal results of imaging and not or only slightly elevated laboratory values. Appendicitis seems to be the most likely diagnosis, but findings are not very convincing. In these patients, an antibiotic trial or, in very mild cases, clinical observation alone should be performed. Laparoscopy can be considered as a diagnostic tool and alternative, especially in young women. If symptoms resolve under antibiotic therapy, an interval appendectomy with regard to the risk of recurrence should be openly discussed.
Uncomplicated Appendicitis Suspected, High Probability
• Clinical presentation, imaging, and laboratory findings typical, no risk factors for failure -shared decision. In this scenario, typical clinical symptoms, findings in imaging, and elevated inflammation markers point to an acute appendicitis without signs of complications. If no risk factors for failure of NOM are present (see above), a shared decision should be made, with discussion of possible advantages and disadvantages of respective treatment regimens and acknowledgment of personal preferences.
If surgery is the preferred treatment, a delay of 12-24 h prior to surgery does not increase the rate of perforation if a course of antibiotics is started immediately, as demonstrated in a meta-analysis of 11 non-randomized studies [14] . Waiting for more than 48 h, though, leads to a higher rate of surgical site infections and other complications.
Advanced Uncomplicated Appendicitis or Proven Complicated Appendicitis
• Strong clinical symptoms (local peritonism), highly elevated inflammation markers, or proven complicated appendicitissurgery as soon as possible. If patients present with strong clinical symptoms (e.g. local peritonism in right lower quadrant), highly elevated inflammation markers, and/or signs of complication in imaging studies, surgery should be performed as soon as possible. In this group, patients are more likely to have a complicated form of appendicitis even if imaging does not show it. In severely sick patients with signs of free In patients with complicated appendicitis with abscess formation, the timing of the operation depends on the clinical status of the patient, the nature of the perforation, and, in some cases, the therapeutic strategy preferred. In stable patients with non-free perforation and in patients with an appendiceal abscess or a phlegmon of the right lower quadrant, initial therapy usually is non-operative, and appendectomy only is performed if conservative therapy fails. Especially in patients with a long duration of symptoms and/ or extensive abscess formation, immediate surgery was shown to be associated with higher rates of postoperative abscesses or enterocutaneous fistulae as well as higher ileocecal resection rates [18] . For a selected group of patients with complicated appendicitis, though, immediate appendectomy is an alternative treatment option, especially if the abscess cannot be drained successfully. If recommended, interval appendectomy can be carried out electively after resolving of the inflammation.
Future Aspects
The success of conservative therapy will eventually depend on the experience gained in further trials as well as in everyday practice, especially regarding recurrence rates and nature of recurrence episodes over the years.
We do not know yet if recurrence primarily happens within the first year or if failure rates will steadily rise over the years. The available data hint at a rather early recurrence, with a mean time to appendectomy of 4.2-7 months in trials. Also, when comparing long-term data, a progression in recurrence is not noticeable, whereas the studies are very heterogeneous.
Overall, if a recurrence rate of 20-30% is considered to be acceptable and clinical practice is therefore changed, it could potentially lead to a reduction of surgery in 70-80% of cases in a selected group of patients with uncomplicated appendicitis. Otherwise, if upcoming experience with NOM shows a higher recurrence rate of almost 50% or even more, NOM would remain more of a shortterm therapeutic option and a valid definitive option in selected cases (e.g. in elderly with a high operation risk or in cancer patients with advanced disease).
So far, recent data has not changed the treatment of uncomplicated appendicitis in everyday clinical practice. In 2016, a study investigated the treatment strategy applied in more than 4,000 patients with acute uncomplicated appendicitis, demonstrating a dominance of surgical management with a rate of 96%. Interestingly, almost 45% of operations were open appendectomy [39] . This reflects the ongoing notion that operative management of uncomplicated appendicitis is still considered to be superior by surgeons. Furthermore, medicolegal aspects may also play a major role in a rather slow change of clinical practice.
Outlook
We can envision appendicitis to be understood as a widely more complex disease than it has been perceived in the past. Maybe the term 'uncomplicated appendicitis' alone subsumes at least three different variants of disease: i) never, ii) slowly, or iii) rapidly progressing to perforation. Considering this and the emerging evidence that appendicitis can be safely treated non-operatively, in our point of view there is no doubt that treatment of appendicitis will become more complex. Whether surgery will remain the main overall treatment modality or will be widely replaced by antibiotic therapy remains open and seems to be dependent on the results of upcoming trials as well as the experience gained in everyday clinical practice. However, there is no doubt that, just as in diverticular disease, there will always be a significant number of patients who will require surgery, either immediately or in intervals. To identify which patients will need surgery with high probability/anyway is one of the major tasks in this scenario, with our current risk factors for failure of NOM needing to be re-evaluated by further trials and daily practice.
One of the main future goals will be to improve diagnosis of appendicitis, especially the diagnostic capability to differentiate between the various forms of appendicitis. Efforts should be made to try to reduce radiation exposure by improving and spreading ultrasound competence, thus firmly establishing ultrasound as the firstline imaging modality in acute abdominal disease. Alternatively, or additionally, by improving technical (and pecuniary) aspects of MRI, this modality will establish itself as a more widely available and faster technology, thereby allowing for quicker evaluation in acute abdominal disease.
Furthermore, better understanding of appendiceal disease may come from research of the appendiceal microbiome and a better knowledge of the pathophysiology. Maybe the composition of the appendiceal microbiome will help to understand the various forms of appendicitis, or a specific organ-derived biomarker will arise, helping to identify either acute appendicitis itself or to distinguish between the subforms.
Finally, as first preliminary data on endoscopic treatment of acute appendicitis is published, maybe conservative treatment will be further improved by combining antibiotic treatment with endoscopic drainage of the appendiceal lumen by a stent [40, 41] .
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